Hamster cells are completely nonpermissive for the replication of human adenovirus type 12 (Adl2), whereas types 2 and 5 can replicate in hamster cells. The Ad5-transformed hamster cell line BHK297-C131, which carries the left terminal 18.7% of the AdS genome and expresses at least the viral ElA region, can somehow complement Adl2 DNA replication and the transcription of the late Adl2 genes. Since the interaction of Adl2 with hamster cells must constitute a significant factor in the induction of Adl2 tumors in neonatal hamsters, we have continued to examine details of this abortive virus infection. The late Adl2 mRNAs in BHK297-C131 cells are polyadenylated but are synthesized in reduced amounts compared with the Adl2 products in Adl2-infected human cells, which are permissive for viral replication. The late mRNA derived from the Adl2 fiber gene has been assessed for its structural properties. By cloning cDNA transcripts from this region and determining their nucleotide sequences, the authenticity of the complete Adl2 fiber sequence and the completeness of the Adl2-typical tripartite leader have been confirmed. Moreover, in Adl2-infected BHK297-C131 cells the Adl2 virus-associated RNA, a virus-encoded translational activator with the correct nucleotide sequence, is synthesized. Nevertheless, the synthesis of detectable amounts of Adl2 virion-specific proteins, and in particular that of the main viral antigens, hexons and fibers, cannot be documented. Cellular factors needed to promote late mRNA translation might be missing, or inhibitory factors might exist in Adl2-infected BHK297-C131 cells.
Hamster cells are completely nonpermissive for the replication of human adenovirus type 12 (Adl2), whereas types 2 and 5 can replicate in hamster cells. The Ad5-transformed hamster cell line BHK297-C131, which carries the left terminal 18.7% of the AdS genome and expresses at least the viral ElA region, can somehow complement Adl2 DNA replication and the transcription of the late Adl2 genes. Since the interaction of Adl2 with hamster cells must constitute a significant factor in the induction of Adl2 tumors in neonatal hamsters, we have continued to examine details of this abortive virus infection. The late Adl2 mRNAs in BHK297-C131 cells are polyadenylated but are synthesized in reduced amounts compared with the Adl2 products in Adl2-infected human cells, which are permissive for viral replication. The late mRNA derived from the Adl2 fiber gene has been assessed for its structural properties. By cloning cDNA transcripts from this region and determining their nucleotide sequences, the authenticity of the complete Adl2 fiber sequence and the completeness of the Adl2-typical tripartite leader have been confirmed. Moreover, in Adl2-infected BHK297-C131 cells the Adl2 virus-associated RNA, a virus-encoded translational activator with the correct nucleotide sequence, is synthesized. Nevertheless, the synthesis of detectable amounts of Adl2 virion-specific proteins, and in particular that of the main viral antigens, hexons and fibers, cannot be documented. Cellular factors needed to promote late mRNA translation might be missing, or inhibitory factors might exist in Adl2-infected BHK297-C131 cells.
In a long-standing series of experiments, we have investigated the interaction of human adenovirus type 12 (Adl2) with BHK21 hamster cells (for reviews, see references 10 and 40), because Adl2 has been shown to induce tumors in hamsters (36) . Adl2 infects BHK21 cells in culture, and the viral DNA reaches the nucleus and can be integrated into the cellular genome. Even with the most sensitive techniques, viral DNA replication cannot be detected. Early Adl2 genes are transcribed in hamster cells; the late genes, however, remain silent (21) . The virus-associated (VA) RNA of Adl2 (13) , a translational regulator, is not transcribed in hamster cells. The inactivity of the major late promoter of Adl2 DNA is likely responsible for the absence of late Adl2 DNA transcription in hamster cells. This inactivity is at least partly due to a 32-bp mitigator element in the downstream region of the Adl2 major late promoter (39) (40) (41) . The cellular YY1 protein (28, 29) can interact with elements in the major late promoter of Adl2 DNA (39, 41 (27) , Northern (RNA) blotting (2, 19, 24) , selection of polyadenylated RNA sequences (3) , and oligolabeling of DNA (12) For subsequent PCR analyses (22) , different amounts of the VA-RNA-specific primer extension products were incubated with 100 ng of the 3' VA-RNA-specific 30-base oligodeoxyribonucleotide primer plus 100 ng of a 5' VA-RNA-specific 30-base oligodeoxyribonucleotide primer (5'-TTGAATTCC GTGGThFGGTGGAAAAGTCAC-3') in 50 mM KCI-10 mM Tris-HCI (pH 9.0)0.1% (vol/vol) Triton X-100-1. (21, 24) . Upon infection of the AdS-transformed hamster cell line BHK297-C131 with Adl1, however, late Adl2 RNAs are transcribed (15, 16) . In a comparative transcriptional analysis of dl12-infected human KB and Adl2-infected hamster BHK297-C131 cells, the production of poly(A)+ mRNAs has been studied by RNA transfer hybridization (Northern blotting) experiments (2, 19) with DNA segments from the El (the EcoRI-C fragment), the L3 (the BarHI-F fragment), the E3 (the PstI-H fragment), the LL (the Pstl-P fragment), and the E4 (the BarnHI-E fragment) regions aS 32-P-labeled hybridization probes.
The data presented in Fig. 2 There is no evidence for the synthesis of Adl2 hexon or fiber proteins in the complemented system. In an exemplary study, the presence of late Adl2 proteins, and in particular that of hexon and fiber proteins, was investigated in cytoplasmic and nuclear extracts (Fig. 3) of Adl2-infected KB and Adl2-infected BHK297-C131 cells. Extracts of uninfected KB and uninfected BHK297-C131 cells were used as negative controls. The proteins from these extracts were fractionated by electrophoresis on polyacrylamide gels, transferred to nitrocellulose membranes (Western blotting), and reacted with antisera against purified Adl2 virions. In extracts of Adl2-infected It is concluded that, in the complemented system, late Adl2-specific mRNAs are not translated into detectable amounts of Adl2 fiber or hexon protein. The possibility that very small amounts of these virion proteins might be present cannot be ruled out. It is conceivable that the lack of the Adl2-specific VA RNA, a viral translational activator, might be responsible for this translational deficiency.
Authentic Adl2-specific VA RNA is transcribed in Adl2-infected BHK297-C131 cells. Using the appropriate primer oligodeoxyribonucleotides from the Adl2 VA-RNA gene segment in PCRs subsequent to primer extension with reverse transcriptase, total RNA preparations from Adl2-infected KB and Adl2-infected BHK297-C131 cells were analyzed for the presence of Adl2 VA-RNA sequences. RNAs were pretreated with DNase. Adl2 VA-RNA-specific PCR signals can be elicited with RNA from both Adl2-infected cell types (Fig. 4a) , and these signals are identical in size to those obtained with a pAdl2 VA-DNA construct containing Adl2 DNA nucleotides between positions 10,053 and 10,900 (13) . RNA from uninfected KB and uninfected BHK297-C131 cells did not serve as template for the VA-RNA-specific primers. The Adl2-specific PCR products were directly analyzed for their nucleotide sequences (Fig. 4b) , and these sequences were compared with the authentic Adl2 DNA sequence in the VA-RNA segment (32) . There is complete sequence identity between the PCR products from Adl2-infected KB and Adl2-infected BHK297- (Fig. 4b) . Thus, the authentic Adl2-specific VA RNA is synthesized in Ad12-infected BHK297-C131 cells, and a lack of this translational activator cannot be the cause for the inability of this complemented system to translate the late Adl2 mRNAs into viral structural proteins.
The Adl2 fiber mRNA synthesized in the complemented system exhibits the authentic nucleotide sequence. The translational block of late Adl2-specific mRNAs in the Ad5-transformed hamster cell line BHK297-C131 could possibly be explained by defects in the nucleotide sequence or splicing mechanisms and in the array of the tripartite leaders of these RNAs. The tripartite leader sequences at the 5' termini of most late adenovirus mRNAs are initiated at the major late promoter (5, 7, 38) and support mRNA translation (1, 6, 14, 20) .
We have investigated the Adl2-specific fiber RNAs from Adl2-infected BHK297-C131 cells for such imperfections. Polyadenylated RNAs from these cells were reverse transcribed into cDNAs and cloned via ligated EcoRI and XhoI linker sequences, as described in Materials and Methods. Fiber-specific cDNAs were selected by hybridization to the 32P-labeled PstI-P fragment (see the map in Fig. 2) , and the nucleotide sequences of several of these cDNA clones were determined. The same experiments were performed with RNA from Adl2-infected human KB cells as positive references.
The data from several nucleotide sequence determinations subsequently amplified in a PCR using primers 1 and 2 (see Materials and Methods). (a) The PCR products were separated by electrophoresis on a 1.5% agarose gel and visualized by standard ethidium bromide staining. As a marker, the MspI fragments of pBluescript DNA were coelectrophoresed. The sizes (in base pairs) of these fragments are shown on the left. As controls, PCR analyses either without input DNA (no template) or with DNA from a plasmid containing the VA-DNA segment (pAd12 VA) were performed. (b) Nucleotide sequence analyses of the Adl2 VA-RNA-specific PCR products from Adl2-infected KB (VA/KB) or Adl2-infected BHK297-C131 (VA/ C131) cells. The nucleotide sequences were compared with the authentic VA-RNA gene sequence from Adl2 DNA (Adl2) (32) .
are summarized in Fig. 5 and demonstrate that the nucleotide sequence of most reverse transcribed fiber-specific Ad12 mRNAs from Adl2-infected BHK297-C131 cells exhibits the authentic Adl2 nucleotide sequence, which is identical to that in cDNAs derived from RNAs isolated from human KB cells productively infected with Adl2 (Fig. 5) . Moreover, in many instances (clones K141, K322, K313, C321, and C361), the mRNAs contain the sequence-perfect tripartite leaders (Fig.  5) . In some cases, in RNAs isolated from both Adl2-infected KB and Adl2-infected BHK297-C131 cells, the correct fiber RNA sequence was preceded only by leader sequences 1 and 2 (cDNAs K171 and C281) (Fig. 5a) Nucleotide sequence analyses of the Adl2 fiber-specific cDNAs derived from Adl2-infected KB and Adl2-infected BHK297-C131 cells. Polyadenylated RNA from Adl2-infected KB and Adl2-infected BHK297-C131 cells were reverse transcribed into cDNA and cloned into lambda DNA (Uni-ZapXR), and fiber-specific cDNAs were selected by hybridization to the 32P-labeled Adl2 PstI-P fragment (Fig. 2) . After recloning into the vector pBluescript, the nucleotide sequences of several cDNAs were analyzed. (a) Localization of the fiber-specific cDNAs on the Adl2 map (32 (Fig. 5a ). For technical reasons, most of the cloned fiber-specific cDNAs from either cell system contain only a few nucleotides from leader 1.
The tripartite leader structure of Adl2 fiber-specific mRNAs from Adl2-infected KB and Adl2-infected BHK297-C131 cells has also been assessed by a combination of primer extension and PCR experiments (Fig. 6) Fig. 4) . Reaction products were separated by electrophoresis on a 4% polyacrylamide gel and visualized by ethidium bromide staining. Marker DNA fragments (on the left) were as described in the legend to Fig. 4 the productive Adl2-infected KB and the complemented Adl2-infected BHK297-C131 systems carry the expected tripartite leader sequences. Leaders other than the major leaders 1, 2, and 3 have not been found in the cDNAs from either population. A minority of mRNA molecules from either cell system is equipped with the truncated leader 1-plus-leader 2 array.
Since atypical leader combinations on Adl2 fiber mRNAs seem at least as abundant in human cells productively infected with Adl2 as in Adl2-infected BHK297-C131 cells, the complementing system, it is unlikely that the structure or the sequence of the Adl2 fiber RNA in BHK297-C131 cells is responsible for the inability of this virus-cell system to produce fiber proteins.
Conclusions (9, 15, 16) . In spite of the presence of apparently nucleotide sequence-perfect, polyadenylated late Adl2 mRNAs, which are, at least in part, equipped with the authentic tripartite leader sequence, the synthesis of Adl2 fiber (or hexon) protein cannot be demonstrated in the complementing Adl2-infected BHK297-C131 system. The translational activator Adl2 VA RNA is also produced with the authentic sequence in the complementing system. It is, therefore, unlikely that the structure of the mRNA or VA RNA in Adl2-infected BHK297-C131 cells prohibits efficient translation in this system. The apparent translational block of the late Adl2 mRNAs in the complementing system cannot simply be explained by the considerably reduced amounts of at least some of these RNAs, because the El-specific RNAs derived from the integrated Ad5 DNA are transcribed at comparably low or even lower levels (data not shown) but are translated. Nevertheless, the Ad5 El-specific mRNAs are efficiently translated, and El proteins can be readily detected by Western blotting (Fig. 1) . The possibility that minute amounts of virus structural proteins are synthesized cannot be completely ruled out. More likely, cellular functions, either structural or enzymatic, which are required for the efficient translation of late Adl2 RNAs may be absent in hamster cells. The presence of a translational inhibitor is also a possibility.
